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Abstract
We present a new kind of electrostatically tunable surface micromachined Fabry-Perot interferometer (FPI) structure and a
process flow which was successfully used to fabricate devices for visible wavelength range. The novel fabrication process is
based on using polymeric sacrificial layer. Fabricated devices have five-layer dielectric mirrors made of atomic layer deposited
Al2O3 and TiO2 thin films. An AC voltage control together with integrated series capacitance enable tuning range of the FPI
etalon in excess of 60%. The FWHM (Full Width at Half Maximum) of the 4th order transmission is 5.4 nm with maximum
transmission being about 67% at ? = 500 nm.
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1. Introduction
Fabry-Perot interferometer is an optical resonator consisting of two parallel mirrors. The pass band wavelength of
the FPI can be controlled by adjusting the distance between the mirrors, i.e. the width of the air gap. The first
commercially capitalized micromechanical FPIs were made with traditional polycrystalline silicon based surface
micromachining techniques [1].
At visible and ultraviolet wavelengths the optical layers of the FPI need to be thin. Thin membranes often contain
pinholes. Such thin membranes can easily get damaged during wet etching. Therefore it is difficult to produce
electrically tunable Fabry-Perot filters for visible and ultraviolet range using the previously published polysilicon
based micromachining technology. In this paper we report a new kind of micromachined FPI device structure and
fabrication process that can be used to produce electrostatically tunable Fabry-Perot devices for visible and
ultraviolet spectral ranges
2. AC voltage controlled FPI device structure
Tunable surface micromachined Fabry-Perot interferometers consist of vertically integrated structure composed
of two mirrors separated by an air gap. The structure of the FPI is schematically shown in Fig. 1.
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Fig. 1. Cross section of the fabricated MFPI device.
Both mirrors are five-layer dielectric stacks made of ALD Al2O3 and TiO2 thin films, optically ?/4 thick each.
The central wavelength of the processed devices is about ? = 500 nm. Electrically conductive tuning electrodes
made of 20 nm thick sputter-deposited aluminum thin films are covered with semi-insulating ALD TiO2.  In the ac
controlled device structure it is not necessary to have any galvanic contact to the upper mirror electrostatic control
electrodes. The coupling of ac voltage to upper mirror electrode is done with fixed series capacitor (Cfixed).  A
photograph of completed devices is shown in figure 2 and an equivalent circuit of the ac voltage controlled device is
shown in Fig. 3.
Fig. 2. A photograph of completed devices. Fig. 3. An equivalent circuit of the AC controlled FPI.
3.  New fabrication process of the surface micromachined FPI
The process flow is summarized in figure 4. IC process compatible fused silica wafers are used as substrate
material. After initial marking and cleaning procedures the lower mirror layer stack of ALD Al2O3 and TiO2 thin
films (50 nm TiO2 + 75 nm Al2O3 + 50 nm TiO2 + 75 nm Al2O3 + 25 nm TiO2 )  is deposited (a).
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Fig. 4. Device cross sections at the different phases of the fabrication.
At the next phase a 20 nm thick aluminum layer is sputter-deposited and patterned. The patterned Al
metallization defines the lower mirror electrostatic tuning electrodes. Then 25 nm of ALD TiO2 is deposited to
finish  the  lower  optical  mirror  structure  (b).   Next  the  2nd lithography step and dry etching is done to open the
contact holes trough thin TiO2 layer. After opening of the contact holes a 500 nm thick layer of aluminum is
sputtered and patterned (c). This 3rd lithography step defines the wire bonding pads of the device.
After finishing of the contact pads the sacrificial polymer is spun on the wafers and annealed. A thin film of ALD
TiO2 is deposited on top of the polymer and 20 nm a layer of aluminum is sputter-deposited and patterned (d). Next
upper mirror layer stack of ALD Al2O3 and TiO2 thin films (75 nm Al2O3 + 50 nm TiO2 + 75 nm Al2O3 + 50 nm
TiO2) is deposited and patterned. Finally wafer-level processing is finished by depositing antireflective MgF2 layer
on the back sides of the wafers (e).
After finishing the wafer-level processing steps the wafers are diced with standard dicing tools and procedures.
Finally before packaging the upper mirrors of the FPI devices are released in a barrel type O2 photoresist stripper (f).
4. Measurement results
Typical transmission properties of the processed devices are shown in Fig. 5. As can be seen the FWHM of the
4th order transmission is about 5.4 nm with maximum transmission being about 73% at 500 nm. The maximum
transmission was limited by widening of the transmission peaks due to bending of the mirrors.  By using integrated
series capacitor and AC control it is possible to extend the travel of the electrostatic actuator [2]. Applying this
method it was possible to tune the gap between mirrors from 1300 nm to less than 500 nm.
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Fig. 5. The shifting of the passbands with different AC voltages.
5. Conclusions
A new kind of electrostatically tunable surface micromachined Fabry-Perot interferometer (FPI) devices has been
successfully designed and fabricated for visible wavelength range. The novel fabrication process is based on using
polymeric sacrificial layer. Optical measurements made for the finished devices indicate that AC voltage control
together with integrated series capacitance enable tuning range of the FPI etalon in excess of 60%. According to the
optical measurements the FWHM of the 4th order transmission is 5.4 nm with maximum transmission being about
67% at ? = 500 nm. The maximum transmission was limited by widening of the transmission peaks due to bending
of the mirrors.
The novel tunable Fabry-Perot filter for visible and UV wavelength range offers a variety of new low-cost
application opportunities in many important fields, such as monitoring of different industrial processes,
environmental measurements and food/water quality analysis and monitoring.
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